Among the organotin compounds, organotin(IV) carboxylates adapt a fascinating range of structural diversity, including monomer, dimer, tetramer, polymer, oligomer ladder, cyclic and hexameric drums structures. Generally four-and five coordinated complexes are observed in triorganotin(IV) complexes. While diorganotin(IV) complexes displayed a large range of structures, including five, six and seven coordinate geometries with distorted trigonalbipyramidal, octahedral and pentagonal bipyramidal structures. Distannoxanes complexes are also observed in diorganotin(IV) complexes. A comprehensive review, organotin(IV) carboxylates are presented with particular reference to their structural studies as described bycrystallography methods.
Introduction
The organotin(IV) carboxylates have been known due to its versatile and significant important biological activities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . A number of studies have been done on organotin(IV) carboxylates by various spectroscopic studies and the molecular structure of these complexes have described by x-ray crystallography 11, 12 . Organotin(IV) carboxylates have been known due to its notable and vast structural diversity 8, 9, [13] [14] [15] [16] . Interesting tin chemistry has been observed in organotin(IV) carboxylate with different coordination sphere at tin atom. Generally five-and six coordinated organotin(IV) complexes are observed with trigonalbipyramidal and octahedral geometry, respectively. Four-and seven coordinated geometry have also been observed in tricyclohexyltin 17 and trinuclear di-n-butyltin(IV) complexes 18 , respectively. Yip et al., 19 and A. Rehman et al., 20 have also synthesized fourcoordinatedtriorganotin(IV), complexes bis[triphenyltin(IV)] succinate and (3-amino-4chlorobenzoato)trimethyltin(IV), respectively, with monoclinic crystal system and monodentate bonding of the carboxylate group to the tin atom.
Amini et al., have synthesized bis(benzoato) ethyl phenyltin(IV) by the reaction of ethyldiphenyltin(IV) iodide with silver benzoate in ethanol, by the cleavage of a phenyl RESEARCH ARTICLE group bound to tin and suggested a skew-trapezoidal bipyramidal structure. A cyclic hexamer structure of triorganotin carboxylates, ethyldiphenyltin(IV) acetate and diphenylpropyltin(IV) acetate has also been determined by them 21 . Trimethyltin(IV) 2,3-methylenedioxy benzoate has been synthesized by Hussain et al. It has been found that the structure is tetrahedral for triorganotin(IV) complex, in solution state. While in the solid state, triorganotin(IV) complex showed the distorted trigonal bipyramidal geometry 22 . The di-and triorganotin(IV) complexes with n-butylhydrogen phthalate have been synthesized by the reaction of corresponding organotin(IV) oxide with n-butylhydrogen phthalate in dry toluene. A distorted octahedral geometry was found for diorganotin(IV) derivatives and triorganotin(IV) n-butylphthalates adopt linear, polymeric trigonalbipyramidal geometry in which n-butylphthalate is a monoanionicbidentate coordinating through the C(O)O group 23 .
The coordination sphere at tin atom also plays a significant role in their important biological activities. Win et al., have synthesized organodistannoxane dimer complexes derived from alkylaminobenzoic acids. In these complexes carboxylate anions acted as monoand bidentate ligand 24 . These complexes have been found active against human liver carcinoma cells (HepG2), in which bis [2-(methylamino) benzoato] tetrabutyldistannoxane(IV) dimer showed significant activity. Sun et al., 25 have synthesized polynuclear phenyl-and butyltin(IV) carboxylates having ladder and drum structures and showed anti-tumor activities against HepG2 human hepatocellular liver carcinoma cells, A549 human lung carcinoma cells and B16-F10 melanoma cells. Among these complexes a centrosymmetricphenyltin(IV) complex exhibited the best cytotoxicity. A trimethyltin(IV) complex derived from 2,6dimethoxypyridine-3-carboxylic acid has also displayed significant anti-tumor activities against human adenocarcinoma HeLa, human myelogenous leukaemia K562, human malignant melanoma Fem-x and human breast carcinoma MDA-MB-361 26 . Shukla et al., 27 have investigated significant antitumor, antibacterial, antifungal and insecticidal activity of some triorganotin(IV) carboxylates. Organotin(IV) complexes with n-butylhydrogen phthalate 28 and 2-(N-Maleoylamino)-2-methylpropanoate 29 also displayed remarkable antibacterial and antifungal activity against various pathogenic strains. Keeping in mind a vast structural diversity of organotin(IV) carboxylates, an attempt is being made in this article to present a brief up to date review on the organotin(IV) carboxylates with special reference to their structural chemistryas determined by crystallographicmethods.
Structural chemistry of organotin(IV) carboxylates
In organotin(IV) carboxylates, carboxylate group of ligand coordinates to the tin atom in monodentate or bidentate fashion in different stochiometries and leads to a different coordination sphere at tin atom. This section will be discuss as seven-, six-, five-, fourcoordinated complexes and distannoxanes.
Seven coordinated complexes
In organotin complexes, distorted pentagonal bipyramidal geometry results by asymmetrical coordination of the carboxylate ligands to the Sn atom. A representative structure is given in Figure 1 . A centrosymmetric dimer is observed in the complex, {[Ph 2 Sn(2,6-C 5 H 3 N) (COO)][Na(2,6C 5 H 3 N)(COOH)(COO)(CH 3 OH) 2 ]}. The coordination sphere of each tin atom is N 1 O 4 C 2 in a distorted pentagonal bipyramidal, with two phenyl groups are trans to each other (C-Sn-C angle of 167.52(8) • ) ( Figure 1 ). Each tin atom is coordinated by two monodentate and one bidentate carboxylate group 30 . Salam et al., 18 have also synthesized a seven coordinated tri-nuclear di-n-butyltin(IV) complex of pyruvic acid-N(4)-cyclohexyl-thiosemicarbazone in distorted pentagonal bipyramidal geometry. The central tin(IV) atoms are bonded to carboxylato-O, the azomethine-N and the thiolato-S atoms of ligand and bridges between the tin atoms are formed through the carbonyl oxygen atom of the carboxylate groups. They have reported that crystal of this complex is cubic with space group I-4 3 2 Baul et al., 32 have studied x-ray crystal structure of triphenyltin(IV) complex derived from carboxylate ligand, potassium β-{[(E)-1-(2hydroxyphenyl)methylidene]amino}propionate. A one-dimensional polymeric structure is observed with two Sn-atoms with distinct coordination environments. The SnPh 3 moieties are linked by two modes of bridging alternating along the polymeric chain ( Figure 4 ). 
Five coordinated complexes
Among the organotin(IV) complexes, triorganic complexes form a polymeric structure with trigonal bipyramidal geometry 22, 32, 33 . Monomer tructures are also observed in tribenzyltin(IV) derivatives 34, 35 . A trigonal bipyramidal geometry is also observed in dimethyltin(IV) complex, {Me 2 Sn[OC(O)(C 14 H 9 )] 2 .CH 3 OH} CH 3 OH with two carboxylates at axial and equatorial positions and the coordination number is raised to five as the methanol occupies the apical position of the trigonal bipyramid 33 . A cyclic hexamer structure is observed in ethyldiphenyltin-( Figure 5 ) and diphenylpropyltin(IV) acetate ( Figure 6 (Figure 7) and 1D polymeric chain structure (Figure 8) is described in triphenyltin-and trimethyltin(IV) derivative of 6-chloro-3-pyridineacetic acid respectively, with a trigonal bipyramidal geometry at each tin centre. The molecular structure of trimethyltin(IV) 2,3-methylenedioxy benzoate 22 and tributyl{β-{[(E)-1-(2hydroxyphenyl) methylidene]amino} ropionate} tin(IV) 32 are shown to be a polymeric chain structure having Monoclinic crystal system with space group P2 1 /c (a= 10.7071 (7) , b= 9.9808(10), c= 12.4504(8) Å; α= γ =90, β= 111.976(7) • ; Z= 4; D c (g cm -3 )= 1.771) ( Figure 10 ) and P2 1 /n (a= 13.7830(3), b= 9.9060(2), c= 17.7972(4) Å; α= γ =90, β= 109.616(1) ) • ; Z=4; D c (g cm -3 )= 1.399) (Figure 11 ), respectively. The geometry of the tin is described as a trigonal bipyramidal geometry with oxygen atoms of carboxylate group in the apical positions (Sn1- 
Four coordinated complexes
A four coordinated complexes are observed with the monodentate bonding of the carboxylate group to the tin atom in distorted tetrahedral geometry. Yip et al., 19 have synthesized Bis[triphenyltin(IV)] succinate by reacting triphenyltin(IV) hydroxide with substituting succinic acid and observed a four coordinated complex with monoclinic crystal system having space group P2 1 /n and a = 9.5257 (7) , b = 19.2278 (14) , c = = 9.7482(7) Å; α=γ= 90, β = 102.9070(10) 0 , Z =4 ( Figure 13 ). Figure 14) . The complex is crystallize in monoclinic crystal system with space group P2 1 /c and a = 11.9077 (7) , b = 9.1237 (5), c = 12.6554 (7) Å; β = 113.086 (1) 0 , Z =4. Furtheremore the crystal structure of this complex contains centrosymmetric dimmers formed via intermolecular N-H....O hydrogen bonds ( Figure 15 ). 
